Background and aims of the Symposium
An International Symposium, "Dynamism of Immune Reactions and Regulation," which was organized by the Immunology Frontier Research Center (IFReC) of Osaka University, was held on May 22 and 23, 2012, at Osaka International Convention Center in Osaka, Japan. The symposium was originally scheduled to be held in May 2011 as one of the events to celebrate the 80th anniversary of Osaka University's founding but was cancelled because of the Great East Japan Earthquake and its aftermath.
Many of the world's leading scientists were invited as lecturers to describe their current progress in elucidating immune reactions and the mechanisms that mediate and regulate immune responses.
In addition, one session was dedicated in commemoration of the 23rd anniversary of Professor Yuichi Yamamura's death. Professor Yamamura, who set a new cornerstone in pathology and immunology research in Japan, was also a great educator in Osaka University.
The symposium received the support of the Kishimoto Foundation and Funding Program for World-Leading Innovative R&D on Science and Technology, the FIRST Program AKIRA Project.
Here we present a brief overview of the major topics discussed in the meeting.
The first day

Class I and II regulate innate responses
As a result of their role in antigen presentation, MHC Class I and II molecules are generally thought to contribute solely to acquired immunity. Xuetao Cao (Chinese Academy of Medical Sciences, Beijing, China) challenged this notion by using Class I or Class II knockout macrophages. He found that Class II molecules interact with Btk (Bruton's tyrosine kinase) and CD40 in the endosomes, thereby maintaining Btk activation. Consequently, this sustained Btk activation enhances Toll-like receptor (TLR)-triggered immune responses. In contrast, Class I molecules inhibit TLR signaling. By virtue of Fps (Fujinami PRCII sarcoma oncogene homolog tyrosine kinase)-mediated tyrosine phosphorylation on Class I molecules, SHP-2 (Src-homology 2 domain-containing tyrosine phosphatase 2) is recruited, then exerts a negative effect on TLR signaling. Innate signaling is thus fine-tuned by these molecular components of acquired immunity.
An RNase that modulates IL-6 expression
Shizuo Akira (Osaka University) has been studying how TLR signaling exerts its biological functions. During this work, his team identified Regnase I (regulatory RNase I), which is induced by LPS signaling. After IL-1R/TLR stimulation, Regnase I undergoes ubiquitination and subsequent degradation. Because, in a steady state, Regnase I participates in destabilization of IL-6, this degradation can relieve its destabilization, thereby increasing IL-6 mRNA content. Although mRNA stability was known to be one of the regulatory mechanisms for immune responses, Akira's study revealed novel molecular mechanisms underlying this phenomenon.
A scramblase mutation associated with defective clotting
It is still unclear how apoptotic cells are recognized and cleaned up in the body. Because phosphatidylserine (PS) is accumulated in the outer leaflet in the plasma membrane on apoptotic cells, identification of the molecular machinery that induces PS accumulation is very important. Shigekazu Nagata (Kyoto University, Japan) has been focusing on this question. By using an elegant cloning system, Nagata's team identified TMEM16F (transmembrane protein 16F), one member of the TMEM scramblase family (scramblases translocate phospholipids between layers of lipid bilayers). The physiological importance of the TMEM16F gene was demonstrated by analysis of human hemophilia patients with Scott syndrome, who have defective PS translocation in their platelets, impairing thrombin formation; indeed, these patients bear recessive mutation in the gene encoding TMEM16F, resulting in the defect in PS exposure in their platelets.
Imaging cell interactions within lymph nodes
In the afternoon session of the first day of the symposium, three speakers talked about imaging analysis of immune responses.
First, Ron Germain (National Institute of Allergy and Infectious Diseases, Bethesda, USA) used intravital multiphoton microscopy to show dynamic cell interactions within lymph nodes upon bacterial infection. Macrophages in the marginal zone block initial invasion of bacteria by inducing IFN-γ secretion from innate lymphocytes localized in specialized areas in the medulla of lymph nodes. This cooperation of innate and acquired cells prevents the spread of pathogens. In inflamed sites, T cells stop moving upon attachment with antigen-bearing dendritic cells but the adhesion/activation gradually ceases partially because of the expression of programmed cell death protein 1 (PD1). He also described successful application of a novel system that simulates dynamic immune responses at the molecular, cellular and tissue levels.
Imaging SMAC-mediated control of T-cell signaling
Second, the precise mechanisms of T-cell activation in immunological synapses were presented by Mike Dustin (New York University, USA). He showed that signal regulation is associated with special compartmentalization within T cells. Activation of T cells is induced in T-cell receptor (TCR) microclusters and the cSMAC (central supramolecular activation cluster; the central region of the synapse) is responsible for TCR degradation. Electron microscopic analysis revealed, however, that the cSMAC is composed of many extracellular microvesicles, which are able to activate B cells, and are regulated by the infectious status of the T cell. He found that the peripheral SMAC (pSMAC) induces TCR-mediated "stop" signals (which reduce T-cell motility) to induce stable synapse formation upon T-cell-APC (antigenpresenting cell) interaction. T reg cells form stable synapses without accumulation of PKCθ; however, PKCθ is recruited in the immune synapse of effector T cells. The inhibition of PKCθ enhances T reg -cell function, which requires the scaffold protein Disc large homologue (Dlgh1).
Imaging peptide-MHC-TCR interactions and estimating the peripheral T-cell repertoire
Third, Mark Davis (Stanford University, USA) presented two different talks. The first was on T-cell imaging, in which he showed analysis of the interaction between antigen and TCR using single-molecule fluorescence resonance energy transfer (FRET) and a new photo-activated antigen system using monomeric MHC. The association constant was found to be much higher than those measured by biochemical analysis. Secondly, he talked about the human peripheral T-cell repertoire, measured using various pMHC-tetramers. The frequency of virus-specific T cells is approximately 1 cell per 3-6 million T cells and surprisingly those for self-antigen reactive T cells are almost similar. The frequency of HY-specific T cells was found to be the same between males and females (HY is a male-tissue-specific antigen) although a small fraction of T cells with the highest affinity TCRs were deleted, suggesting that clonal deletion of self-reactive T cells may occur only for very restricted T cells and the majority of self-reactive T cells are present and regulated in the periphery.
Combined microscope technology increases imaging speed and sensitivity
The third session of the first day comprised presentations by three speakers, who included unpublished data; the first discussed the cutting edge method of intravital imaging and the next two described the regulation of T reg cells.
First, Scott Fraser (California Institute of Technology, Pasadena, USA) presented a new imaging study using a novel microscope, combining the deep penetration of two-photon microscopy and speed-of-light sheet microscopy to get images with more than 10-fold improved imaging speed and sensitivity. In addition, the new technology is much less photodamaging, which enables us to observe physiological embryogenesis and organogenesis during development; furthermore, he clearly presented the perspective of intravital imaging combined with gene traps and conditional mutagenesis.
CNS1 is crucial for extrathymic T reg -cell differentiation
Second, Alexander Rudensky (Memorial Sloan-Kettering Cancer Center, NY, USA) discussed the thymic and extrathymic differentiation of T reg cells. There are three conserved noncoding sequences (CNSs)-CNS1, CNS2 and CNS3-in the enhancer of the Foxp3 gene. Using CNS1-deficient mice, he clearly showed that CNS1 is critically important for the differentiation of extrathymic T reg cells (which regulate mucosal T h 2 inflammation) and this fact indicates that thymic and extrathymic T reg cells differentially regulate immunological homeostasis in different tissues. In addition, he presented the impressive and exciting data that T reg cells play a role in maternal immune tolerance.
CpG hypomethylation is required for T reg -cell development
Third, Shimon Sakaguchi (Osaka University) described the roles of concurrent epigenetic conversion and Foxp3 expression for the development and function of T reg cells. The transcription factor Foxp3, which is specifically expressed in T reg cells, controls their development. Foxp3 expression is, however, not enough to establish full T reg phenotypes. On the basis of these findings, he focused on the epigenetic changes in natural and induced T reg cells. As a result, he found that the expression of Foxp3 and CpG hypomethylation are required for full conversion into T reg cells; for CpG hypomethylation, chronic and continuous TCR stimulation are required.
The presentations by Drs Rudensky and Sakaguchi, thus, clearly suggest where further progress will be made in researching T reg -cell biology.
The second day
T reg cells regulate insulin resistance
In the morning session of the second day, we discussed regulation of inflammation in the presentations by three speakers, who all presented exciting unpublished data.
First, Diane Mathis (Harvard Medical School, Cambridge, USA) gave a presentation about T reg cells. Insulin resistance (where insulin becomes less effective), as observed in diabetes mellitus, has been shown to be induced by inflammation in obesity. She found that Foxp3 + T reg cells are enriched in normal adipose tissues and therefore are characterized as "fat T reg cells." When compared with T reg cells from the spleen and lymph nodes, fat T reg cells express ~2000 specific genes, especially IL-10 and PPAR-γ (peroxisome proliferator-activated receptor γ), and possess unique TCR repertoires. In ob/ob mice (a mutant strain that are obese), the number of fat T reg cells was reduced. Insulin-induced signaling was enhanced in transgenic Foxp3-DTR (diphtheria toxin receptor) mice treated with DT to remove Foxp3 
ACE2 transports tryptophan and reduces intestinal inflammation
Third, Josef Penninger (Institute of Molecular Biotechnology, Vienna, Austria) presented an unexpected result showing the role of angiotensin-converting enzyme 2 (ACE2) in intestinal inflammation. He previously showed that ACE2 mediates entry of SARS (severe acute respiratory syndrome) corona viruses and induces acute lung injury. Because collectrin, an ACE2 homologue (or an ACE-family protein), mediates transport of amino acids, he analyzed whether ACE2 also mediates amino acid transport. ACE2 was found to be highly expressed in the intestinal epithelial cells. He further showed that the plasma concentration of tryptophan was severely reduced in ACE2-knockout mice. The ACE2-knockout mice were found to be highly susceptible to intestinal inflammation induced by dextran sodium sulfate. Mice fed with a tryptophan-free diet were also highly susceptible to intestinal inflammation, and administration of the tryptophan metabolite, nicotinamide, improved the severity of intestinal inflammation. He further showed that tryptophan induced the production of antimicrobial peptides from intestinal epithelial cells; indeed, the composition of microbiota was altered in ACE2-knockout mice. He, thus, demonstrated a quite unexpected role for ACE2, which mediates transport of tryptophan in the intestine and thereby maintains the intestinal homeostasis.
A tribute to Yuichi Yamamura
The last session was dedicated to Professor Yuichi Yamamura and chaired by Takehiko Sasazuki (Kyushu University, Fukuoka, Japan). He expressed his memories that he was motivated and encouraged by Yuichi Yamamura when he was a medical student in Kyushu University. We then had talks from four more speakers.
Insights about IL-6 and arthritis
First, Tadamitsu Kishimoto (Osaka University) reviewed the therapeutic effects of an anti-IL-6R antibody on rheumatoid arthritis and presented data on the molecular mechanisms whereby IL-6 induces T h 17-cell differentiation. IL-6 induces expression of the aryl hydrocarbon receptor (Ahr) and Ahr is involved in T h 17-cell differentiation, which is critical for the pathogenesis of arthritis. He also showed that the Ahr is required for induction of several microRNAs that can augment IL-17 expression. The IL-6 expression level is also dependent on its mRNA stability and he further showed a unique mechanism for stabilizing IL-6 mRNA.
Lessons from lampreys
It is very important and interesting to investigate how the antigen-receptor generating system was established during evolution. In the second presentation, Max Cooper (Emory University, Atlanta, USA) talked about the evolution of adaptive immunity by focusing on the immune system in lampreys. This aquatic jawless vertebrate does not have a spleen or thymus, but lymphocyte-like cells exist in the typhlosole (a fold in the intestine). Those cells possess an antigen-recognition system, mediated by variable lymphocyte receptors (VLRs). The VLRs are expressed as membrane-anchoring molecules and are generated from recombination of a set of leucine-rich repeat domains. This recombination system evolves independently of the RAG genes required for mammalian adaptive immunity.
Cross-talk between TLRs and RLRs
Pathogen sensors consist of several types, for example, transmembrane sensors, TLRs or cytosolic sensors such as RIG-I (retinoic acid inducible gene I)-like receptors (RLRs). In the third presentation, Tadatsugu Taniguchi (The University of Tokyo, Japan) described the characteristics of TLRs and RLRs. He showed that these two sensors cross-talk intimately and that a transcription factor, IRF-3 (interferon regulatory factor 3), plays critical roles in the cross-talk. He also talked about "new cytokines" that are present and functional not only as secreted molecules but also in distinct cell compartments such as nuclei. He focused on high mobility group box proteins (HMGBs) as examples of new cytokines and discussed their roles in endotoxin-mediated shock, inflammation and immune responses.
The fetal stromal-cell population that supports B-cell development
B-cell development heavily depends on stromal cells, but it is still unclear how the stromal cells guide B-cell development. In the final presentation, Fritz Melchers (Max Planck Institute for Infection Biology, Basel, Switzerland) characterized fetal liverderived stromal cells and identified the cell fraction expressing a set of molecules, such as IL-7 or CXCL12, required for B-cell development. He also showed data about where such cells are localized and how they interact with early B-lineage cells.
Concluding remarks
Throughout the meeting, we had hot and active discussions not only in the presentations but also in the coffee breaks. The meeting has provided us with new directions for further elucidating immune reactions and regulation.
